ABSTRACT
Introduction

38
Biodiesel production has increased significantly in the last years; in fact, in 2011, 39 biodiesel production in the world reached around 404 000 barrels per day, almost 12 40 times higher than in 2003, showing that the market accepts biodiesel as a viable 41 substitute of fossil diesel [1] .
42
About 95% of the biodiesel production plants use food vegetable oils as raw material The most used process for biodiesel production, due to the higher simplicity and lower 50 cost, is the transesterification reaction between the oil and an alcohol (usually 51 methanol), in a presence of an alkali catalyst, to produce biodiesel and the by-product 52 glycerol [9] . For an effective alkali transesterification reaction, a low amount of free 53 fatty acids (FFA) on the feedstock is required (usually less than 1 wt.%) [10] , this 54 means that if a high FFA feedstock is available, it needs to be pretreated before 55 proceeding to the transesterification process. In order to reduce the FFA content of the 56 oil, the acid esterification of the FFA with methanol is the most used pretreatment 57 process because it allows the production of methyl esters from the acids present [11] [12] [13] , 58 taking advantage of all the feedstock towards biodiesel production (eq. 1). Oxidation of biodiesel is a major concern, occurring mostly due to air exposure and oxidation [15] . The primary oxidation is a free-radical chain reaction that might be 66 represented as showed in Fig. 1 (from 100 to 2500 ppm). 
Materials and Methods
147
Materials
148
Raw Jatropha curcas oil was purchased from PT Pura Green Energy, Indonesia. The reaction was performed in a three neck round-bottom glass flask (1 L), equipped 
177
To determine the optimum reaction time, the reaction was conducted for 4 h and the In order to determine the optimum time for the esterification reaction, the reaction was 
274
The high acid value throughout the reaction relates to the presence of sulfuric acid in the 275 reaction media [10] . We can observe that after 120 min of reaction the acid value 276 reaches its minimum; therefore, this was considered to be the optimum reaction time,
277
which was used for the following experiments. Following the esterification, the product was submitted to alkali transesterification to 288 obtain the final biodiesel product. After purification, the product was characterized to 289 evaluate its quality, considering 8 key quality parameters; the results are presented in 290 Table 2 .
291
From the results we can observe that three properties, namely, the methyl ester content, 
295
In what concerns the product purity, inferred by the methyl ester content, we can see
296
that it is less than 3% lower than required for a high quality product. Since this is raw 297 oil, and no additional pre-treatment steps were performed rather than acid esterification, 
302
Regarding the acid value, in fact, higher values than the limit were also observed; such 303 trends were also verified by Dias et al. [3] , where the range of results for this parameter 304 was from 0.92 to 1.87 mg KOH/g using raw oil, being explained by the presence of 305 impurities that difficult the washing stage, causing an increase in the product acid value.
306
The parameter that caused the greatest concern regarding the product quality was in fact In order to determine which would be the best antioxidant and at which concentration, to 325 improve the quality of the biodiesel obtained using raw Jatropha curcas oil, a set of 326 experiments was conducted using the 4 most used and effective synthetic antioxidants 327 according to the literature review [15, 31] performed in duplicate.
338
The results presented in Fig. 2 show that Pyrogallol (PY) was the most effective (Fig. 2) ; all the regressions were statistically significant, with p value < 0.02,
345
using an F test. To achieve an IP of 8 h, the models estimate that the following In the review by Jain and Sharma [15] , where no studies are reported on Jatropha with each antioxidant at concentrations to achieve an IP between 6 and 10 (close to the the ones obtained by the models, being presented in Table 3 .
388
The validation of the results reflects the high accuracy of the models in predicting the 
Conclusions
395
Biodiesel was produced from high free fatty acid raw Jatropha curcas oil (around 18% 396 w/w) using acid esterification followed by conventional alkali transesterification. The 397 product showed generally a good quality and the very low oxidation stability (Induction
398
Period of 1.37 h) was the highest concern, being very far from the standard limit of 8 h,
399
imposed by EN 14214:2014.
400
The study on the use of 4 synthetic antioxidants allowed obtaining statistically 
408
The study demonstrated that biodiesel could be effectively produced from raw Jatropha 409 curcas oil and that the quality problems associated with the lower oxidation stability 
